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Reduction in proportions of
dental plaque streptococci following
a 5 day topical kanamycin treatment
W. J. LOESCHE, R. N. HOCKETT AND S. A. SYED
Dental Research Institute, University of Michigan School of Dentistry,
Ann Arbor, Michigan 48104
A 5 day topical kanamycin treatment of the dental gingival surfaces in institutionalized
mentally retarded subjects significantly reduced the plaque mass on the tooth surfaces
compared to a placeho treatment. This reduction occurred in the absence of any mechan-
ical hygiene procedures and lasted for 4 or more weeks, which was longer than the kana-
mycin could have been expected to be present in the mouth. This suggested that the kana-
mycin had caused an alteration of the plaque flora which should he discernible by qoan-
titative culturing procedures. Plaque was removed and cultured, using an anaerobic serial
dilution procedure, before and after kanamycin or placebo treatments. The reduction in
plaque weight was associated with reduced levels of streptococci in the plaque. This could
be demonstrated by intergroup comparison of the placebo — and kanamycin treated sub-
jects, and by intragroup comparisons of the kanamycin treated subjects prior to treatment
and at 4 and 8 weeks after treatment. The streptococci species accounted for 30?^ of the
plaque colony forming units (CFU) prior to kanamycin treatment. At 4 weeks after treat-
ment, tbe streptococci had decreased to 3% of the CFU and at 8 weeks after treatment,
the streptococci had increased slightly to account for 14% of the CFU. The streptococci
appeared to be Streptococcus sanguis and Streptococcus mitis. The observations indicate
that the topical kanamycin was effective in reducing supragingival plaque because of its
ability to decrease the proportions of streptococci in the plaque.
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enter the tissue and initiate the inflammatory
Introduclion response (Socransky 1970). It is not known
Periodontal disease is a chronic inflamma- whether specific bacteria in the plaque are
tory process in the supporting structures of responsible for the inflammation, or whether
the teeth which over a period of time, may increased plaque weight, by producing more
result in loss of the teeth. The inflammation irritants, leads to a more pronounced host
appears to be in response to the bacteria response. Traditional dental therapy assumes
resident on the dento- gingival surfaces, in that increased plaque weight per se is the
that germfree mice show significantly less determinant of periodontal pathology,, and
gingival inflammation than conventional treatment consists of mechanical debride-
mice (Gibbons & Socransky 1966). The bac- ment in order to maintain low levels of
teria do not appear to invade the tissue, but plaque (Glickman 1971). In recent years,
rather produce substances which presumably evidence has appeared which indicates that
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specific plaque bacteria may be etiologically
responsible for certain types of periodontal
disease in animals. Actinomyces viscosus
(lordan & Keyes 1964, Jordan et al. 1972)
and Actinomyces naeslundii (Socransky et
al. 1970), isolated from both human and
animal sources, cause extensive alveolar
hone loss in germfree and conventional
rodents. Several unidentified Bacillus species
are responsible for a transmissible periodon-
tal syndrome in the rice rat (Dick et al.
1967) Streptococcus salivarius (Kelstrup &
Gibbons 1970) cause alveolar bone loss in
germfree rodents. If these or yet utudenti-
fied organisms contribute to human peri-
odontal disease, then dental therapy should
be directed toward their elimination or sup-
pression in the plaque flora. This might be
accomplished by short tenii intensive chemo-
therapy of the dental gingival surfaces either
alone, or in conjunction with mechanical de-
bridement.
A 5-day treatment with topical kanamycin
involving institutionalized mentally retarded
subjects, significantly reduced the plaque
weight as compared to a placebo treatment
(Loesche et al. 1971). This was observed
clinically during the period of kanamycin
application and was documented 4 weeks
later when the plaque was quantitatively
removed and weighed. This reduction in
plaque weight was monitored longer than
the kanamycin could have been expected to
persist at antimicrobial levels in the mouth.
This suggested that the kanamycin had
caused an alteration of the plaque flora,
which because of its profound effect on
plaque weight should be discernible by
quantitatively culturing procedures. This
paper reports the results of this quantitative
cultural study.
Materials and Methods
Subjects. Eleven mentally retarded subjects,
aged 11-22 years, who were residents of
a single dormitory at the Plymouth State
Home and Training School, NorthvUie Mi-
chigan, were treated with either kanamycin
paste (6 subjects) or placebo paste (5 sub-
jects). The individuals, on initial examina-
tion, exhibited advanced gingivitis i.e. a
gingivitis score of 2.54 ±0.44 as determined
hy a modification of the gingivitis index of
Loe and Silness (Loesche & Nafe 1973) and
had supra-gingival plaque accumulations of
about 4 mg wet weight per reference tooth.
Tooth brushing was suspended during the
experimental period so that the effect of
this mechanical debriding procedure on the
plaque flora was eliminated. All subjects
consumed the same nutritionally adequate
institutional diet which was high in starch.
Sucrose was rarely consumed between meals.
Treatment schedule. The treatment sche-
dule and number of patients treated at one
time revolved around the bacteriological
aspects of the study. A four week interval
was necessary between plaque samplings so
that the bacterial isolates could be partially
characterized. The subjects were treated in
groups of 3, 4, and 4 subjects.
At the first visit (week 0) all teeth of all
patients were mechanically scaled and po-
lished to insure low initial plaque measure-
ments. The subjects were placed on a no
mechanical hygiene regimen for the next 12
weeks. After 4, 8 and 12 weeks the supra-
gingival and marginal plaque on 4 represen-
tative teeth was "quantitatively removed"
and immediately placed into a reduced
transport fluid (RTF) (Loesche et al. 1972,
Syed & Loesche 1972). After the 4 week
plaque collection, the patients were separat-
ed into placebo and kanamycin groups and
given either Oiabase Emollient (Piacebo)
(Davis, Rose Hoyt Pharmaceutical Co.,
Needham, Mass.) or Orabase with 5 % katia-
mycin (Kantrex®, Bristol Laboratory, Syra-
cuse, N. Y.). The kanamycin or placebo
pastes were applied with a cotton swab in
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the morning, afternoon and evening of 5
consecutive days to the buccal labial sur-
faces of all teeth by a member of the inves-
tigating team. At weeks 8 and 12 the sub-
jects were reexamined and aD plaque and
bacteriology procedures were repeated. Thus
4 week old plaque samples were obtained
from each subject at week 4 (4 weeks after
the scaling and polishing and just prior to
kanamycin or placebo treatment); at week
8 (8 weeks after the scaling and polishing
and 3V3 weeks after cessation of kanamycin
or placebo treatment); at week 12 (12 weeks
after the prophylaxis and 7̂ /3 weeks after
cessation of kanamycin or placebo treat-
ment).
Bacteriological Procedures. Supragingival
and marginal plaque from the mesial buc-
cal, buccal, and distal buccal surfaces was
"quantitatively removed" with periodontal
sealers from the maxillary left second pre-
molar, maxillary left first molar, mandi-
bular right second premolar, and mandi-
bular right first molar. The plaque was im-
mediately placed in 1 ml of RTF contained
in a shell vial. The vials were stoppered and
placed into a Brewer jar whose atmosphere
was made anaerobic by a Gas Pak (Bio-
quest) and returned to the laboratory within
2 to 3 hours.
Sample dispersion and plating. The vial
contaitiing the plaque was introduced into
a plastic anaerobic chamber (Aranki et al.
1969) containing an atmosphere of 85%
Na, 10% H2 and 5% CO2. All subsequent
manipulations and incubations were per-
formed in the chamber. The aluminum foil
around the vial and cork stopper were re-
moved. The vial and its contents were added
to 100 ml of RTF contained in a Waring
blender. The plaque was dispersed by mix-
ing at the highest setting of the blender for
2 minutes. Aliquots from the blender dilu-
tion were: 1) stained with buffered formalin.
gentian violet dye (Aranld et al. 1969) and
a microscopic count was obtained using a
Petroff Hauser counting chamber and 2)
carried through a serial 10 fold dilution in
RTF. A membrane filter technique was used
to harvest the bacteria from the serial dilu-
tion tubes (Loesche et al. 1972). One ml
aliquots of the appropriate dilution were
filtered using 0.22 fim membrane filters
(Millipore Corp., Bedford, Mass.). The
filters containing the impinged bacterial
cells were placed on the surface of MMIO
medium with and without 0.05% kanamycin
and on mitis salivarius agar. The MMIO
medium is a 0.2% trypticase, 0.5% yeast
extract, 3% sheep blood medium which is
poised with 0.01% dithiothreitol and supple-
mented with the known nutrient require-
ments of some members of the oral flora
(Loesche et al. 1972). For each plaque sam-
ple, duplicate aliquots of 3 tenfold dilutions
were incubated anaerobically and 2 tenfold
dilutions were incubated aerobically.
Partial characterization of isolates. The
MMIO plates were incubated for 5 to 7
days. The number of colonies on the plates
was counted with the aid of a dissecting
microscope. One anaerobic MMIO plate
from each plaque sample, containing from
20 to 100 well separated colonies, was
selected for further study. The plate was
kept within the chamber and each colony
was streaked onto MMIO agar for a purity
check. This was necessary because about 10
to 15% of the primary colonies were mix-
tures of 2 or more bacterial types. Isolates
which appeared pure by Gram stain and
darkfield examination were subcultured to a
characterization broth (Loesche et al. 1972).
After growth in this medium, the following
tests were performed: terminal pH in glu-
cose broth, H2S production determined by
blackening of lead acetate strips, nitrate re-
duction, gelatin liquefaction and indole pro-
duction following methods described by the
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Society of American Microbiologists (1957).
Growth from, the characterization broth was
streaked on MMIO agar plates and in-
cubated aerobically to determine whether
the isolates were facultative organisms. Rep-
resentative strains were subcultured in pep-
tone, yeast extract, glucose broth (PYG)
and their acid end products were determin-
ed by gas-liquid chromatographic proce-
dtires described in the Virginia Polytechnic
Institute anaerobic manual. Approximately
250 isolates were characterized in this fash-
ion every 4 weeks giving a total of about
1600 isolates for the 36 week period of
study.
Results
Pooled plaque from 4 representative teeth in
6 kanamycin treated and 5 placebo treated
subjects was cultured at 4, 8 and 12 weeks.
The percent recovery of organisms for each
sample was calculated by dividing the an-
aerobic colony forming unit (CFU) count
by the microscopic count. These values aver-
aged from 25 to 58% for each time interval
and are shown in Table 1. The anaerobic
count was higher than the aerobic count for
each sample. The anaerobic to aerobic CFU
ratio was calculated for each sample and the
average values for each time interval varied
from 2.6 to 12 (Table 1). The value of 12
was obtained from the kanamycin treated
subjects at week 8, and was due to a de-
crease in the streptococci count (Table 2).
All colonies from one dilution plate per
sample were subcultured. Ninety percent of
the isolates grew and were partially charact-
erized. There was no discernible difference
between the flora of the two treatment
groups at the week 4 sampling period prior
to the kanamycin or placebo treatment.
When the flora was re-examined at week 8,
the gram positive cocci had significantly de-
creased in the kanamycin-treated group from
32 to 8% of the CFU, p=0.01 (Student t
test). The percentage of strongly acidogenic
organisms had decreased from 34 to 11%,
p<0.05 (t test), whereas the nonacidogenic
flora had increased from 28 to 64%, p<
Table 1
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*K = Kanamycin, P = Placebo
a = difference within groups at 4 and 8 weeks is significant p < 0.01
b = difference between K and P at week 8 is significant p < 0.02
c = difference within groups at 8. and 12 weeiss is significant p < 0.05
0.05. Tiie placebo-treated group also show-
ed a significant (p<0.05) increase in non-
acidogenic organisms. The kanamycin-treat-
ed group showed a nonsignificant increase
in the percentage of gram positive rods and
the placebo-treated group exhibited a non-
significant increase in the percentage of
gram negative rods. The intergroup differ-
ences were not significant, even though the
placebo-treated group had twice the per-
centage of gram positive eocci and acid-
ogenic organisms. At week 12, the percent-
age of nonacidogenic organisms had drop-
ped significantly in both groups. There were
nonsignificant increases in the weakly acid-
ogenic organisms i.e. terminal pH in glucose
broth was between 5.5 and S.5. The per-
centage of gram positive cocci and acid-
ogenic organisms was still reduced in the
kaaamycin-treated group relative to the
placebo-treated group.
The isolates were separated into genera
and unidentified groups on the basis of gram
stain morphology and the limited number of
biochemical tests used. The gram positive
rods, aecounted for 31 to 72% of the iso-
lates (Table 1). These organisms were sep-
arated into 5 groups: anaerobic, sportilat-
ing rods identified as Clostridium species;
branching or filamentous rods considered to
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be Actinomyces species; and three groups
that were separated according to their abili-
ty to reduce nitrate and produce H2S (Table
2).
The clostridia were not uniformly isolated
from all subjects at all times. They were
reduced from 25% tO' 6% of the CFU at
week 8, following kanamycin therapy, but
significantly increased to 31% in the 12
week sample (Table 2). These organisms in-
cluded strains of Clostridium sporogenes,
Clostridium hastlforme, and Clostridium
subterminale. Some isolates were capable of
aerobic growth and were found to be Clos-
tridium histolyticum (Loesche et al. 1972,
Loesche et al. 1974).
Actinomyces isolates were nitrate positive,
and gelatin, indole and HfeS negative. They
increased significantly in the kanamycin
group at week 8 and then decreased at week
12. At week 8, they accounted for 45% of
the plaque isolates, which was significantly
higher than their proportion in the placebo
group.
Gram positive cocei accounted for 8 to
34% of the isolates at the various times of
sampling. They could be divided intO' a large
group containing Streptococcus species and
two smaller groups separated according to
nitrate reduction and H2S production. The
streptococcal isolates did not exhibit the
colooial morphology of Streptococcus mu-
tans and Streptococcus salivarius when pla-
ted on Mitis Salivarius agar. These isolates
were considered to be Streptococcus sanguis
and Streptococcus mitis and were not fur-
ther differentiated. At week 8, in the kana-
mycin group they decreased to only 3% ot
the isolates. This reduction was significant
when compared to the pretreatment value
of 30% and the placebo value of 18%
(Table 2). At week 12, in the kanamycin
group, the streptococci increased significant-
ly so as to account for 14% of the flora. In
the placebo group, the streptococci decreas-
ed nonsignificantly at week 8 to 18%, and
remained at this level at week 12. The other
groups of gram positive cocci accounted for
less than 5% of the isolates and did not
seem to be influenced by either the kana-
mycin or the placebo treatment.
Gram negative rods accounted for 12 to
37% of the isolates. Baeteroides melanino-
genicus ranged from 0 to 5% of the isolates.
Vibrio (Campylobacter) sputorum was a
minor organism and was seen only occa-
sionally. Strains were considered to be bae-
teroides if they fermented glucose and were
nitrate and H-2S negative. Representative iso-
lates formed succinate in PYG broth. The
baeteroides represented 1 to 12% of the
isolates and significantly increased in the
placebo group at week 8 (Table 2). Fuso-
bacterium .species were more numerous, i.e.
4 to 17% of the CFU. These isolates were
nitrate negative, indole variable, gelatin ne-
gative, H2S positive, and non- to weakly
acidogenie in glucose broth. The kanamycin
or placebo treatment was associated with a
nonsignificant increase in the percentage of
these organisms at week 8. The unidentified
gram negative rods which would include
Leptotrichia, Eikenella and Capnocytopha-
gia strains made minimal contributions to
the flora and did not seem to be affected by
the treatment pastes.
One to 17% of the isolates were nitrate
positive, nonacidogenie gram negative an-
aerobic cocci and were considered to be
Veilonella species. Their percentages in
plaque were not altered by the treatment
pastes.
The absolute numbers of streptococci and
actinomyces strains in the plaques at weeks
4, 8 and 12 were calculated from the micro-
scopic count (Table 1). At week 4, slightly
higher numbers of streptococci and aetino-
myces were present in the plaques taken
from the kanamycin subjects (Table 3) and
the streptococci to actinomyees ratio ranged
from 2 to 4. In the 8 week kanamycio
plaques, a 10 fold decrease in streptococci
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and a 3 fold increase in actinomyces caused
a sharp drop in this ratio. No such drop oc-
curred in the placebo group. In the 12 week
kanamycin plaques, the streptococci were
still reduced, but now the actinomyces levels
were lower, so that the streptococci to ac-
tinomyces ratio approached the before treat-
ment ratio seen at week 4. The placebo
plaques did not exhibit wide fluctuations in
this ratio.
Approximately 1 to 5% of the cultivable
flora in both the kanamycin and placebo
treated subjects was resistant to 0.05%
kanamycin at the start of the clinical trial
No increase in numbers of plaque organisms
resistant to 0.05% kanamycin was observed
at any subsequent time interval.
Discussion
Topical kanamycin caused a reduction in
supragingival plaque mass of at least 4 weeks
duration. When the plaque mass on the 6
index teeth decreased from 4.4 to 2.5 mg
dry wt, (Loesche et al. 1971) the strepto-
cocci decreased on the other test teeth from
30% to 3% of the CFU. When the plaque
weight increased slightly at week 12, the
streptococci increased to 14% of the CFU.
No other group of organisms exhibited a
similar positive association with the plaque
weight in the kanamycin-treated subjects.
The actinomyces species exhibited a pro-
portional increase in the kanamycin treated
group at week 8. This proportional increase
not only reflected the deletion of the strep-
tococci from the sample, but also a real in-
crease in the numbers of actinomyces in the
plaque (Table 3). In vitro studies have showo
these organisms to be more resistant to
kanamycin than the various Streptococcus
species (S. Damle, personal communication).
Members of this genus, especially A. visco-
sus isolated from mentally retarded indivi-
duals (Jordan et ai. 1972) and A. naeslundii
isolated from human plaque (Socransky et
al. 1970) will cause periodontal destruction
in animal models. The prominence and per-
sistance of these organisms in the week 8
plaque might account for the inabilitj' of
the kanamycin treatment to restore gingival
health (Loesche et al. 1971). Thus drugs
with a broader spectrum of in vivo activity
against plaque bacteria might have been
more effective.
The proportions of the nonpigmented
baeteroides group increased significantly in
the placebo group at week 8 for reasons iin-
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known. These organisms at other time peri-
ods comprised less than 5% of the CFU.
Thus the possibility of a proportional in-
crease of these organisms in the placebo
group contributing to the intergroup differ-
ences in plaque weight at week 8 should be
recogoized.
Oar characterization of the isolates was
not adequate to determine whether plaque
levels of a single species, such as A. visco-
sus or CL histolyticum, had changed. Thus
the possibility exists that within groups such
as the Clostridia, Actinomyces, etc., a shift
of species could have occurred as a result of
kanamycin treatment.
These data implicate the streptococci as
the orgatiisms which contribute ia a sub-
stantial manner to plaque weight in these
institutionalized subjects. There are several
ways in which streptococci contribute to
plaque formation and/or accumulation on
animal and human teeth. Streptococcus mu-
tans forms massive amounts of plaque in
animals fed diets high in sucrose, by synthe-
sizing extracellular glucans which adhere to
the tooth surfaces (Gibbons & Nygaard
1968, Guggenheim 1970). S. mutans was not
found in the present plaque samples, as de-
termined by colonial morphology on mitis
salivarius agar, so that a reduction in the
level of this species cannot explain the pre-
sent observations. The streptococci found in
our samples appeared to be S. sanguis and
S. mitis. S. sanguis and S.. mitis are adsorb-
ed to the teeth from saliva and are among
the first colonizers of the tooth surface (van
Hotite et al. 1970, van Houte et al. 1971).
Cultural and microscopic studies of young
plaque have revealed the presence of high
levels of streptococci (Carlsson 1965, Thei-
lade & Theilade 1970). Scanning electron-
photomicrographs taken of teeth at hourly
intervals following a mechanical prophyl-
axis, show the deposition and accumtilation
of clumps of bacteria which resemble strep-
fococei (Saxton 1973). Transmission elec-
tron-photomicrographs of plaque on the
tooth surface show coccal organisms pre-
dominating at the enamel plaque interface
(Frank & Houver 1970, Schroeder & Hirzel
1969).
These studies suggest that streptococci ini-
tiate most plaques formed on teeth. If, dur-
ing the time of tooth colonization, the level
of species such as S. sanguis in the saliva
was lower than the 10^ organisms/ml esti-
mated to be necessary for attachment (van
Houte & Green 1974), then it is possible
that other organisms with lower affinities
for the tooth surface, but with greater re-
sistance to the kanamycin could attach. If
the time span in which the streptococci were
suppressed was sufficiently long i.e. 5 days,
then most, if not all tooth stirfaces could be
colonized by the organisms with the lower
affinity, which in the present investigation
appeared to be the various Actinomyces
species. The actinomyces dominated plaque
would persist as long as the streptococci
were not permitted access to the tooth sur-
face. This period would extend for the time
in which the plaque was not disturbed,
which in our experiment was the 4 week
interval of no brushing. Thus, it is possible
that the no brushing regime, instituted to
remove the variable of unequal brushing ef-
ficacy on the part of the subjects, may have
potentiated the effect of the kanamycin
treatment. When plaque was removed at
week 8 to be cultured, the exposed tooth
surfaces would be bathed by saliva contain-
ing presumably normal levels of strepto '̂
cocci. Hence streptococci would be more
likely to initiate plaque formation at this
time, and indeed when the plaque was sam-
pled at week 12, both the streptococcal
levels aad weight had increased. This sug-
gested that at any time the plaque was re-
moved, kanamycin treatment should be
given to minimize colonization by the strep-
tococci. This retreatment approach was test-
ed in a separate clinical study in which
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topical kanamycin was applied for 3 to 5
days every fifth week to Down's syndrome
subjects. After 45 weeks of no brushing,
plaque levels were about half the pretreat-
ment amounts and a clinically acceptable
gingival health was obtained in some sub-
jects (Loesche & Nafe 1973).
These bacteriological observations indi-
cate that streptococci contribute to plaque
mass. When these organisms were discrimi-
nated against by short term kanamycin
therapy, the Actinomyces were able to do-
minate in the plaque samples. This plaque
did not possess the mass of the previous
plaque and was associated with a slight im-
provement in the gingivitis score of the pa-
tient (Loesche et al. 1971).
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